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Space  Shuttle  Main  Engine 
L0X/H2,  500,000  lb  thrust  (1 12,000  N) 
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The  lack  of  understanding  leads  to  potentially  large 
engine  design  errors. 
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Enhanced  gas  phase  unsteadiness. 
Potentially  different  kinetics  mechanisms. 


Objectives 
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Transcritical  LOX  drops  in  room 
temperature  GN2 


* 


Representative  evolution  of  transcritical  drop  disintegration 


Transcritical  LOX  drops  in  room 
temperature  GN2  (2) 


Visualization  at  different  times  at  the  same  location 


Shadowgraph  Results  -  N2  into  N 
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Mixing  Layer  Structure  -  N2  into  N 
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Similar  equations  for  different  cases 
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Empirical  Correlation 


to 

<D 

S3 


<0  -SZ 
-SZ  P 
P  o 

1  £ 

TS  ^ 

®  8  1 
-j  Q  O 
O  s_ 

>  O 
<D  L- 

s-  D_ 

-^3 

<D  *- 

-C  SI  3 
P  O  ^ 
73  S3 
t;  <0 
S3  ^ 


q- 

o 


o  „ 
p  P  133 


S3 


i_ 

£ 

sz 


^3 


to 

> 


P 

L_ 

O 

1_ 

D_ 


<d  i-  to 

JZ  3 

P  ■£ 


q_  3 
O 


^  S3 


■73  •> 

<0  g  , 
to  .O  A 
*5  *o  =5 
CQ  <p  to 


ID 

6 


<s> 

a. 


e 

+ 

""Ih 

CM 

• 

O 

II I 

.e 

o 

<X> 


z: 

<0 

_z: 

P 

P 

• 

8 

t 

<5> 

P 

■73 

*  S 

CN  S3 

p  o 


p  lO 
-  6 


A 


<D 

P 

O 


>> 
A  2 

e^§- 
*5  s* 

to  E 
<33  s_ 
o  <U 

3  p 

3  O 

<3*  .^} 

“  <0 


<33 

E 

i_ 

<£ 

_sz 

p 

o 

to 


o 

p 
to 

to 

d_ 

Z  =S 

o  o 

Li-  O 


P 

i  * 

p 

■73  E 
<0 

P  P 
<33  to 
"5  S= 

R  o 
o 

S3  TC 

°  ^ 

©  = 
—  TO 

e  £ 

+  .£ 

e,  p 

p 

<33 

<D  £ 

5  fe 

S3  < 
O  . 

*P  ID 

fe  o 

to 

b  ^ 

iP  ® 

IL  i_ 


for  supercritical  gas-like  jet.  The  transition  point  is  found 
to  be  approximately  when  (tb/(tb+  t3))  =  0.5  (i.e.  Tbs  xg). 


Pr  =  (P«/Pl)  >  Pr  =  Pr  “C1  "^)pR  “  *Pr 

X=1 .0  for  N2-iirto-N2;  X=0.2  for  N2-into-He  ;  X=1 .2 
for  No-into-Ar. 


Empirical  Correlation  (3) 


0.001  0.010  0.100 

Chamber/lnjectant  Density  Ratio 


al  Dimension  vs  Reduced  Pressure 


on 
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2-D  Raman  Images,  N2  into  N 
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Reference  Case 


Normalized  Intensity  Defect  Plot: 
Supercritical  Regime 
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Normalized  Intensity  Defect  Plot: 
Supercritical  Regime  (3) 
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Normalized  Intensity  Defect  Plot: 
Supercritical  Regime  (4) 
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Comparison  of  Shadowgraph  Measurements 
with  Raman  Measurements 


Setting  0  =  2  x  FWHM  produces  agreement  with  shadowgraph 
measurements. 

-  Consistent  with  the  observations  of  Brown  and  Roshko 
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three  orders  of  magnitude. 

•  A  physical  mechanism  and  correlation  have  been  proposed  to 
describe  the  transition  from  spray  to  gas  jet  behavior. 


Summary  &  Conclusions  (Raman) 
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The  near-field  supercritical  profile  more  closely  approaches  that 
of  fully  developed  turbulent  gas  jets  than  the  near-field  subcritical 
profile. 
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